Every office is an open system, and the products of office work are the result of decentralized negotiations. Changing patterns of task organization and alliance inevitably give rise to inconsistent knowledge bases and procedures. This implies that there are no globally correct answers to problems addressed by OIL%. Rather, systems must deal with multiple competing, possibly irreconcilable, solutions. Articulating alternative solutions is the problem of due process. This problem and its consequences are illustrated by a case study of a rate-setting group in a large health insurance firm.
INTRODUCTION
No representation of the world is either complete or permanent [ 111. Rather, any description is a snapshot of historical processes in which differing viewpoints, local contingencies, and multiple interests have been temporarily reconciled [3 and 131. Kent [23] has provided a detailed analysis of the difficulties encountered even with well-structured information and an unproblematic organizational context. But, as any office manager can tell you, even apparently simple pieces of information such as entries on fixed forms are the result of many negotiations and struggles. These may include ad hoc decisions by clerks, responses to patron complaints, the organization's policy decisions, the rules of regulatory bodies, and the limits of the local database management system. In order to create adequate representations then, office workers must somehow reconcile multiple Authors' address: Tremont Research Institute, 458 29th Street, San Francisco, CA 94131. Permission to copy without fee all or part of this material is granted provided that the copies are not made or distributed for direct commercial advantage, the ACM copyright notice and the title of the publication and its date appear, and notice is given that copying is by permission of the Association for Computing Machinery.
To copy otherwise, or to republish, requires a fee and/or specific permission. viewpoints with inconsistent and evolving knowledge bases. Since no centralized authority can possibly anticipate all the contingencies that might arise locally, office workers always have some discretion in deciding how this reconciliation is to be accomplished [lo and 171.
In the terminology developed by Hewitt and his associates to describe open systems [l, 16, 18, and 191 , workplace information systems thus require due process. In the office, the due process problem is this: How can we assure that information systems make adequate provision for recognizing, weighing, and evaluating alternatives from conflicting sources? We call the work of ensuring due process articulation [4,7, and 501 . Articulation consists of all the tasks needed to coordinate a particular task, including scheduling subtasks, recovering from errors, and assembling resources.
Articulation is a necessary part of due process because the definition of adequate provision shifts according to local circumstances.
No matter how detailed the requirements are, they must be aligned with or tailored to a set of implementation conditions that cannot be fully specified ahead of time. Standardized representations of office work and its products, as captured in forms, diagrams, databases, or narrative text, are thus the result of articulation, the local adjustments that made the work possible in practice. An adequate conceptual basis for the design and implementation of office information systems hence requires understanding the articulation by which these representations are created.
Without an understanding of articulation, the gap between requirements and the actual work process in the office will remain inaccessible to analysis. That is, it will be possible to describe tasks in an idealized form but not to describe actual situations. When the articulation of the work is deleted in representations of that work, the resulting task descriptions can only be uneasily superimposed on the flow of work. The current proliferation of "methodologies" to describe work flow in the office reflects this state of affairs.
It will always be the case that in any local situation actors "fiddle" or shift requirements in order to get their work done in the face of local contingencies. We argue here that such articulation is not extraneous to requirements analysis, but central to it. In order to understand more about articulation both practically and theoretically, we need to have detailed empirical organizational analysis. In this paper we present an empirical case of an office situation, emphasizing the articulation-requirements-representation dynamics. We follow this case with a discussion of the implications for office information systems analysis and a discussion of the problems of due process in open systems considered more broadly.
A CASE STUDY: PROVIDER PAYMENT RATES AT "PACIFIC HEALTH UNDERWRITERS COMPANY"
Let us examine some of the implications of the centrality of articulation for office information systems by considering a case study. The "Pacific Health Underwriters
Company" (PHU) is a large insurance company that provides health insurance to both individuals and groups. Paying health care professionals, (called "providers") is an important task for the central office. Providers are paid on a fee-for-service basis: Every service provided to patients is billed and paid separately. PHU has guidelines that describe all the services provided by professionals, together with the price which PHU pays for each service. The company maintains a unit which writes these guidelines. Superficially, creating and keeping track of such guidelines represent a straightforward database management task. A system to support this work should contain information on types of illnesses and procedures used to treat them, and match those diseases and procedures with reimbursement codes that indicate how much providers will be paid. But due process problems make this work enormously complex.
Different Viewpoints about Procedure Codes
The problems arise in part because different groups involved in the process have different viewpoints about how to code medical procedures. The different viewpoints must be reconciled into a single representation, a manual of procedure codes and reimbursement rates. Different viewpoints mean that creating a common representation will generate articulation problems as the object is fitted into the local circumstances. The different groups involved here and their viewpoints are:
(1) Doctors and other providers often want a very detailed coding scheme so they will be reimbursed for each separate procedure. They also want codes to represent current practice and costs (which means frequent updates) and to be easily billable and quickly paid.
(2) Representatives for large customer groups may want the most inclusive benefit definitions, so that coverage will be of greater value for clients. This implies relatively broad or coarse-grained categories.
(3) PHU Operations includes the claims payment and adjustment, customer service, and policy units. These units pay claims, explain payments, and calculate what gets paid and how to calculate it. They want the simplest possible structure of codes and procedures.
(4) PHU Marketing, because it sells to groups, wants a relatively fine-grained category scheme. Whether or not groups will accept a particular form of insurance may depend on the details of the categorization. The guidelines are issued in the form of a large annual volume containing prices and codes; the book is typically well over 1000 pages in length. Prices vary across customer groups and geographical regions. For example, a very large subscriber group can negotiate discount rates for certain procedures. Providers from a region with a higher cost of living may get reimbursed at a higher rate than those from another region where costs are lower. Finally, procedures that require higher degrees of skill and complex support facilities are reimbursed at higher rates than those that do not. The codes and coding schemes that are generated are thus complex and reflect many aspects of medical work organization as well as Pacific's internal functions. Some of the considerations involved in arriving at codes include the following:
(1) Changes in procedure definitions.
Changes in technology or medical definition of disease conditions can lead to new codes, dropped codes, or combined codes.
(2) Changes in payment for a given code. These may arise from splitting a code by provider type. For example, "psychotherapy" now covers licensed providers including psychiatrists, licensed marriage and family counselors, psychologists, and social workers. This category may be split up, with a separate code for each kind of therapist.
(3) Changes in relative value. These price changes are made as a result of research at Pacific. They reflect statistical trends in a given provider group's fees. They may also reflect known changes in practice.
(4) Contract coueruge. Some groups will not pay for certain services, and others require coverage under special contract terms. For example, many group contracts will not cover cosmetic surgery, but a local actors' union contract does provide such coverage. Such differences must be accounted for and mediated by Pacific.
Sources of Change and Conflict in Coding
Changes in codes or coding schemes come from many sources, each raising due process issues. Provider groups may press for changes in relative price value for procedures as they make professional changes. Changes made in relative values may in turn cause contract problems or revisions, partly because of data processing difficulties.
Long-term contracts also make for problems. For example, a contract may reflect prices set in 1974, which have since changed. But in order to arrive at a code and price for a new procedure (e.g., Magnetic Resonance Imaging), Pacific must keep records for 1964,1974, and current pricing, in order to extrapolate back to arrive at a fair rate for current comparable procedures.
Different consequences for different groups derive from narrow and broad coding schemes. For example, if every little part of a procedure is separately coded and reimbursed, then health care providers can bill the insurance company for each step of a procedure and make more money. Such fine-grained coding makes the data processing task at the insurance company office much more time consuming and unwieldy. Often, providers of care offer to bill Pacific a single all-inclusive fee for a set of services. This may lead to other data processing problems, in structuring the databases and in tracking previous claims that should be retroactively included in the all-inclusive fee.
The procedure coding derives from Pacific's understanding of the relationship between disease, diagnosis, and procedures. Thus, a diagnosis of the disease mumps may result in a delivery of service with a procedure code such as 0001: Administer Injection of Gamma Globulin. Diagnoses may be broken down more narrowly, for example, Childhood Mumps and Adult Mumps or Green San Francisco-strain Mumps and Blue Boston-strain Mumps. New diagnostic categories (such as the Acquired Immune Deficiency Syndrome) often mean changes in procedure codes. Here again, a source of conflicting viewpoints arises. Medical opinion is never in total agreement about diagnostic entities; thus, choosing a diagnostic category means selecting and betting on medical expertise [44] . PHU's policy is that this selection should be representative of mainstream opinion-a problematic concept, to say the least. New medical technologies are another source of change in procedure codes. For example, when the Magnetic Resonance Image scanner became available for clinical use, new procedure codes had to be created and disseminated to providers. This becomes a source of potential conflict if different parts of the medical community or government agencies disagree about the status of the technology.
Further, until there is general acceptance of a procedure, codes may be idiosyncratic and vary from insurer to insurer, making data collection and reimbursement difficult. Some attempt may be made to value a new procedure as a percentage of the professional effort involved in an older, known, similar procedure.
Changes in medical work organization are a third source of continual evolution in the procedure coding scheme. For example, when a hospital adds a new burn unit to its facilities, procedures are no longer coded as part of a general trauma service, but receive special new codes. Conflict can arise here if the insurance company believes that the procedure should be allocated to one part of the organization and the providers believe it should be allocated to another.
Mobility of groups of different specialists within medical practice can lead to code development and changing emphasis. Anesthesiologists, for example, are now fighting for a very different structure for coding schemes, one based on body system/area rather than on anesthesia as a technical adjunct to a surgery procedure. Another example is provided by a recent controversy about "cognitive" versus hands-on procedures. Some providers want the relative weight of evaluative services increased; this is in opposition to the concerns of surgeons, for example, who get paid primarily for manual work. The general situation here is that changes in medical work organization and technology, as well as new insurance products, force continual recategorization and repricing of procedures. Different and mismatching categories mean that conflicting viewpoints must be reconciled in order for the procedure codes to be made uniform. This articulation is central to the development of coding schemes.
A "Due Process" Unit
The resolution of conflicting viewpoints and continually evolving, inconsistent knowledge bases is handled by a specialized unit at Pacific. Let us call it the Process Policy Unit (PPU). This group of five people is in charge of updating procedure codes, aligning policy decisions about procedures with data processing capabilities, and producing the annual volume of procedure guidelines. The guidelines are the "bottom line" for the group, since many other operations at PHU depend on them. The PPU is not a centralized authority for information processing; it is not empowered to make yes-or-no decisions about changing procedure codes in an absolute fashion. Rather, it articulates claims and information from different groups and sources of change, proposing compromises in coding a procedure that, when accepted, are incorporated into the next edition of the guidelines.
Articulating the several forms of veto-or discretion-exercised by the interested players is thus the major job of the PPU. The unit has several strategies for obtaining agreements via its articulation work:
(1) Skepticism. When one group begins to agitate for a change in procedures, the PPU evaluates the evidence and arguments in the light of PHU's overall policies and commitments. Formal skepticism is one way to force clarification of arguments for a position. In a recent example, providers at specialty hospitals formed a group and argued that they should be paid more than general hospitals for certain procedures because they had more advanced equipment and skills. An internal skeptic from Pacific argued that the claimed differentials did not exist and that, in any case, they should be paid less, because their costs for providing such services were lower owing to economies of scale. The immediate compromise was a study of actual procedures in these hospitals in order to identify specific actual differences.
(2) Arbitrating trade-offs and bargaining between interest groups. The PPU occasionally arbitrates trade-offs and bargains between interest groups. For example, a new part of Pacific, previously an independent company, had operated with a payment structure which differed from the central company. When it joined Pacific, it became necessary to develop an interim update structure with elements from both companies.
(3) Local knowledge from the unit's history. The PPU itself has accumulated quite a bit of specialized experience with the various concerns involved in producing the guideline volume. This local knowledge of precedent is routinely used to evaluate, explain, and justify proposed courses of action. In other words, the PPU brings local knowledge of past compromises into making guidelines.
(4) Discretion employed by the unit itself in making representations. The PPU itself exercises some discretion about how procedure codes will be managed. This includes the way in which competing interests are represented to senior executives. Emphasizing certain kinds of information and deemphasizing others can result in changes in policy as policymakers review claims from the different interest groups.
(5) The need for confidentiality.
Pacific has an explicit internal policy not to document internal decisions, or to document them idiosyncratically so that decisions will not leak out to providers and create or exacerbate legal liabilities. Thus, local knowledge and discretion of staff members in making decisions and assessing importance are a critical part of their due process work.
In sum, the PPU uses a repertoire of strategies to reconcile viewpoints, decompose the fuzzy and complex problems of procedure coding, and bring temporary local closure to the open information system in order to produce its single representation, the guideline volume. Included in this repertoire are the use of skeptics, arbitrating trade-offs, use of local knowledge, and discretion in making representations.
DUE PROCESS IN OPEN SYSTEMS
The PPU at PHU illustrates the salient points that define open systems: evolutionary change, lack of central authority, and perpetual inconsistency among knowledge bases [17] . These characteristics generate the due process problem. Traditionally, finding solutions to information systems problems has been framed as one of arriving at the "correct answer" via algorithmic procedures. Thus, we might conceive of specifying or modifying the procedure payment categories at PHU as a straightforward problem of specifying appropriate data formats.
However, in complex open systems, the procedures by which one solves problems themselves become objects of adjudication. Because there are independent rationales for answers and because there is no central control mechanism, there is no way of determining a globally correct answer. Rather, there are multiple, possibly inconsistent, competing answers, none of which has a unique claim to validity. The PPU does not have a privileged overview or control over due process. Rather, its existence as a unit and the articulation it provides exemplify general organizational processes.
The evolutionary character of open systems hence requires negotiation between components on the basis of needs and estimates that are locally generated [17, 18, 19 , and 471. The inherent necessity for negotiation, rather than algorithmic calculation, in order to arrive at an answer is the due process problem.
The due process problem can arise at any level of organizational scale. Even relatively centralized organizational units must evolve, negotiate, and remain subject to local constraints. For example, at PHU there is one data processing department that operates a small number of mainframes, each handling a few well-separated tasks. At that level of organization, then, there is a centralized authority, and definitive decisions can be made when competing priorities and incompatibilities arise. But this authority extends only to the day-to-day operations of information systems already in place. The Data Processing (DP) department can decide to run one application system before another, or it can refuse to provide a data tape formatted in a way that is incompatible with the current database structure. It thus exercises a de facto veto over some aspects of the payment procedure, which simply shifts due process problems to the level of interdepartmental relations. Over the long term, the DP department cannot control the emergence of new (and incompatible) systems designed to service specialized needs. New government regulations and marketplace pressures mean that PHU must be able to modify its payment procedures and reconcile incompatibilities sooner or later. The continuing development of computing technologies over the next few years adds another dimension to this problem. Eventually, the centralized data processing system at PHU will evolve into one using many computers linked by some form of network. It is certain that the network will not be wholly contained within PHU's organizational boundaries. "Contracting out" part of the data processing load is under active consideration by PHU's management, and providers are rapidly acquiring their own systems and pressing for the capacity to hook up directly with PHU's. The DP department's de facto veto over certain kinds of operation will go away, and due process problems that are now handled at the interdepartmental level will become part of the day-to-day operations of the networked system. PHU is not alone in confronting this situation. The continuing drop in computing costs and the corresponding increases in computing power mean that every organization can expect a similar set of arrangements to evolve.
In short, due process problems will become intrinsic to the organization of information systems, as these systems become more and more like social organizations in their own right (diffuse, evolving, and decentralized, with multiple viewpoints). Consider a distributed system with no central authority. Even lowlevel system services such as access to peripherals become due process problems in such situations, since conflicting claims of arrival time in a system in which arrival sequence is not guaranteed require adjudication in order to serialize actions [20] . At the organizational level on the other hand, the local expertise and knowledge of designers and users generates system requirements and commitments to particular software and implementation strategies. As these interact across organizational boundaries, means must be found to translate from locale to locale and to reconcile conflicting claims and commitments.
Given that there may be no globally correct answer, then how does one pick the best available answer under local circumstances? At what point do actors decide that enough evidence of the right sort from the relevant domains has been collected? Faced with two incompatible expert answers, what procedures do they use? Should they retrace the decision tree and look at methods used? Should they use a previously selected algorithm? At present, there is no clear solution to the problem of due process issues in the design of highly parallel open computing systems (Hewitt, personal communication) . And, as open systems are expanded beyond the laboratory prototype stages and become distributed through and among complex organizations, the problem will become increasingly urgent.
The assumptions of traditional, algorithmic approaches in the information sciences are not adequate to deal with the due process problem. A different approach is thus necessary. The problem of due process in various forms has always been at the heart of social science research. It thus seems a reasonable strategy to draw upon this accumulated expertise in formulating approaches to the due process problem as it appears in information systems. In 1977, for example, Hewitt drew on the metaphor of the scientific community as an aid to conceptualizing systems that have no central authority, but which must nonetheless arrive at reliable answers to complex problems [Vi] . This metaphor was later elaborated to support conceptualization of the forerunners of the apiary architecture [27] . This approach led to a series of studies of scientific work organization [lo, 12, 39-43, and 451.
Our approach to analysis of due process in open systems rests on a tradition of research on the professions and technical work organization (e. g., [2, 3, 5,  B-10, 21, 24-26, 34-36,46,48, and 501) . From this point of view, the due process problem consists of two aspects: understanding the role of local knowledge and understanding the work of articulating all the contingencies that go into solving a problem.
Local Knowledge and Practice
Many of the procedures that organizations and professionals use to solve problems arise from their historical experience and are peculiar to local circumstances. Much of the knowledge embedded in such practices is tacit [33] , not codified, and often not codifiable. Schon's description of reflective practice outlines many aspects of this tacit local knowledge [37] : the ability to identify consequences of informal or tacit inconsistencies; the ability to describe and/or identify unpredictable interactions; incorporation of others' (e.g., users') definitions of the local situation in planning work and assessing quality of results; progressive refinement of problem definitions and strategies as new information and capacities appear.
Similarly, Simon [38] has noted that the ability to learn to articulate multiple ill-structured problems is a sign of the "professional maturity" of the expert. But experts always work with others in complex organizational contexts. Our approach differs from Simon's, and from that of the designers of rule-based expert systems who codify expert knowledge (this work is summarized in [14] ). These approaches seek to capture the process by which the single expert makes substantive or technical decisions. But experts do not work in isolation; they must coordinate with one another. In the PHU study, we saw that interorganizational coordination between such local systems routinely relies on such tacit knowledge, often built up over many years. The resulting representations thus contain much articulation history.
From this perspective, and especially in the conceptualization and design of open systems, it is the transferability of knowledge that is important. To the degree to which articulation is tacit and deleted from representations, requirements developed from those representations will be inadequate for local contingencies.
For example, when individual "wizards" become indispensable in organizations, they come to hold a great deal of influence through their tacit knowledge. The fact that their knowledge is privately held greatly shortens organizational memory; when the wizards leave, local knowledge leaves with them. The tacit nature of their knowledge makes it difficult to pass on. Such wizards are familiar to every office as computer room managers who are the only ones who can coax the system into functioning, or the crack secretary who "really runs the place." Such wizards are extreme examples of a ubiquitous phenomenon: tacit local knowledge * E. M. Gerson and S. L. Star that cannot be represented in a transferable fashion. An analogy in information systems is with the use of clever programming tricks that take advantage of specialized quirks of machine architecture. The impact of such arrangements on distributed concurrent systems (human organization, computer-based, or both) is to create islands of specialized usage that make free transfer and reliable crosscontextual use of information highly problematic. It is the tacit nature of such arrangements, not their local limitations, that prevent accessibility.
The development of methods for describing and analyzing tacit local knowledge has been a major thrust of recent work in the sociology of science (e.g., [6, 28, 29, [30] [31] [32] 40 , and 441). Much of this work has sought to illuminate the processes by which local knowledge becomes incorporated into final products that are transmitted as scientific "facts." By observing transformations of information at various stages in the fact-making process, sociologists of science have developed good models of the ways in which tacit local knowledge is encapsulated into research results.
But this process is precisely what must be understood if adequate models of due process are to be developed in support of information science research. The packaging and transmission of scientific results is but one example of the packaging and distribution of any kind of information in an open system: Reliable interpretation requires that incompatibilities between the context of production and the context of use be recognizable and recoverable. Methods for analyzing due process means, in this perspective, explicit procedures for evaluating and reconciling incompatibilities among different bodies of tacit local knowledge. And this, in turn, means empirical analytical models of how information flows among the parts of an open system.
Articulation
Reconciling incommensurate assumptions and procedures in the absence of enforceable standards is the essence of articulation [4, 7, 49 , and 501. Articulation consists of all the tasks involved in assembling, scheduling, monitoring, and coordinating all of the steps necessary to complete a production task. This means carrying through a course of action despite local contingencies, unanticipated glitches, incommensurable opinions and beliefs, or inadequate knowledge of local circumstances.
Every real-world system is an open system: It is impossible, both in practice and in theory, to anticipate and provide for every contingency which might arise in carrying out a series of tasks. No formal description of a system (or plan for its work) can thus be complete. Moreover, there is no way of guaranteeing that some contingency arising in the world will not be inconsistent with a formal description or plan for the system. These two points apply to every system, whether it be a human social organization or an information system. Every realworld system thus requires articulation to deal with the unanticipated contingencies that arise. Articulation resolves these inconsistencies by packaging a compromise that "gets the job done," that is, that closes the system locally and temporarily so that work can go on. In sum, articulation is an organizational expression of due process.
The results of this work appear as workarounds or kludges, that is, misfits with the idealized representations of work that requirements have represented.
However inelegant, workarounds are necessary to meet local resource constraints, deadlines, configuration limitations, or a mix of technical capacities. Workarounds are often invisible when the end product of development is examined, nor do they necessarily appear in the documentation of the system [22] . Moreover, we typically find multiple workarounds which are themselves potentially in conflict (kludges upon kludges). Hence, the use of workarounds solves the due process problem only locally and temporarily. There is no way of guaranteeing that two workarounds, each adequate in its own local context, will not recursively prove to be incompatible in a larger context. Clearly, this process forms an infinite regress.
Nonetheless, real-world organizations do in fact solve their due process problems via articulation, and produce reasonably reliable results. PHU faces a continuing stream of articulation problems, none of which are ever definitively solved; there is always a new treatment, a new technology, a new diagnostic category, or a new specialty that raises compatibility issues. It thus contains all the fundamental characteristics of real-world open systems. On the one hand, there is no way of reaching a complete or consistent description of these systems or plan for them; an open system is irremediably open. On the other hand, every real-world system requires local closures so that its work may continue. The problem then, for constitutions no less than for information systems, is to develop ways of designing systems that continuously evaluate their own conditions, and restructure themselves as changing circumstances require different patterns of local closure.
ANALYTICAL SUMMARY
Many organizations do not create separate due process units to do the job of articulation. But the problems undertaken by the PPU at Pacific are familiar to anyone with even a casual acquaintance with workplace information systems. In designing information systems that will meet workplace requirements then, the following points are important:
(1) Multiple viewpoints in the office need to be represented by sophisticated, highly parallel information systems in order that technological limitations not make policy decisions tacitly by screening out viewpoints.
(2) No piece of information is simple. In the example above, even something so seemingly simple as what is a disease and how much does a treatment cost is enormously uncertain and complex.
(3) Every category represents a piece of history containing due process. For example, some PHU reviewers in the past had shown concern only about checking procedures of personal interest to them. This has meant that many codes had little attention devoted to them in review procedures. The PPU is thus obliged to review uses of all codes.
(4) No representation is complete. Negotiation about the representation of information means that not all viewpoints will be completely and severally represented in any one representation. Furthermore, evolving systems and asynchronous updates mean that as a representation is frozen in time, the knowledge base from which it is drawn is changing. Each representation is therefore incomplete.
-E. M. Gerson and S. L. Star (5) Owing to the impact of new technologies and changes in work organization, information systems for workplaces cannot be designed ahead of time without knowing the empirical workplace situation [lo] . They must be designed and maintained while they are in use.
(6) Because of the lack of omniscient decision making in workplaces, information systems cannot be designed independently of empirical knowledge of workplaces. Any representation of the workplace produced in order to help designers is biased; in order to accurately represent the open systems' properties of workplaces we should study them and incorporate tacit knowledge and articulation.
The articulation performed by organizations as they solve their due process problems thus represents a key design requirement for workplace information systems. To the extent that we are able to incorporate articulation into requirements, the more adequate the representation of open office systems becomes. Because representations have often obscured these processes, empirical analysis of workplaces is the basis of such design. And owing to the continually evolving, asynchronously updated nature of all real-world systems (human or machine), the results of these empirical analyses are themselves open.
